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Abstract. Temporomandibular joint ankylosis (TMJA) is a complicated condition that

affects not only the condyle, but also the maxillofacial complex. Thus, it is often
challenging to find a standardized treatment strategy for TMJA. This study was
performed to analyse our experience with 95 TMJA patients over a 4-year period
and develop a new classification system (‘CDA’”). The CDA classification system
divides TMJA patients into eight different groups according to the preservability of
the condyle (C), severity of the dentofacial bone deformity (D), and skeletal age (A).
The 95 patients (129 ankylosed joints) were treated using different strategies based
on this CDA classification. Treatment options included preserving or reconstructing
the condylar head, surgical correction of jaw deformities, and close follow-up of
mandibular growth. After treatment, all 129 ankylosed joints were completely
released and the average maximum inter-incisal opening (MIO) increased from
3.6 £ 3.2 mm to 32.8 4 5.4 mm, with no recurrence of ankylosis found during
follow-up. In conclusion, this new CDA classification can effectively guide
treatment strategies for TMJA patients. Using particular strategies for patients based
on specific CDA classifications could provide optimal management to the benefit of
TMIJA patients.
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Temporomandibular ~ joint  ankylosis

perience secondary maxillofacial deformi-

(TMJA) is characterized by bone or fi-
brous fusion within the joint, often leading
to hypomobility'. TMJA patients can ex-

0901-5027/01101449+010

ty when the ankylosis affects mandibular
development during the patient’s growth
period. Obstructive sleep apnoea/hypop-

noea syndrome (OSAHS) may also
occur’.

Condylar trauma is considered to be the
main cause of TMJA®. The incidence of
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TMIJA in developing countries remains
higher than in developed countries, possi-
bly due to inadequate management of
condylar trauma®. In a previous study,
Sawhney proposed a four-stage classifica-
tion for TMJA based on the pathological
anatomy of the condyle, and this classifi-
cation is widely accepted’. Other classifi-
cations of TMJA have since been put
forward, which are based on various ana-
tomical features of the ankylosed con-
dyle®’. However, differences in the
onset of TMJA lead to variations in con-
dylar dysfunction and maxillofacial defor-
mity, limiting the utility of these single-
factor classifications for guidance in med-
ical management and subsequent surgical
procedures for TMJA. A surgical plan for
the treatment of TMJA requires full con-
sideration of multiple factors, including
the condyle pathology, the stage of the
patient’s skeletal development, and the
severity of the oral-maxillofacial defor-
mities. Thus it is challenging for surgeons
without sufficient experience to achieve
satisfactory therapeutic results.

The aim of this study was to propose a
new classification — the ‘CDA’ classifica-
tion — that utilizes not only the anatomical
features of the condyle (C), but also takes
into account dentofacial deformities (D)
and the stage of skeletal development
‘age’ (A). This classification is based on
our experience with 95 cases of TMJA
over a 4-year period. We believe that this
classification, which uses more detailed

descriptions for the different types of
TMIJA, may provide a clearer guide for
surgeons to follow in the surgical manage-
ment of TMJA.

Materials and methods
Patients

Data from patients who underwent surgery
for TMJA in the Orthognathic and TMJ
Surgical Department of West China Hos-
pital of Stomatology, Sichuan University,
from January 2014 to December 2017
were analysed retrospectively. The com-
plete medical records of all 95 patients
were used, which included a thorough
radiographic evaluation comprising head
spiral computed tomography (CT) and
lateral cephalometric radiographs taken
before the operation, 1 week postopera-
tively, and at 614 months after the final
surgical treatment.

Clinical classification of TMJA

The study sample of 95 patients, with a total
of 129 ankylosed joints, was classified into
eight groups using the proposed CDA clas-
sification system according to the condition
of the joint, severity of the dentofacial bone
deformity, and skeletal age.

‘C’ describes whether the condylar head
structure could be preserved (Fig. 1): Co,
lateral bony ankylosis of both joints with
the medially displaced condyle heads

preserved; C;, ankylosis of the entire joint
presenting with bony fusion and no recog-
nizable condyle or fossa on one or both
sides.

‘D’ describes whether the patient has
any secondary dentofacial deformity
(Fig. 2): Dy, the patient has no significant
dentofacial deformities; D;, the patient
has dentofacial deformities that affect oc-
clusion and the appearance of the facial
profile.

‘A’ describes the skeletal age of the
patient: Ac, young patient with active
dentofacial growth (skeleton immature);
Aa, adult patient with a fully developed
dentofacial structure (skeleton mature).

Strategies for TMJA by CDA
classification

The 95 TMJA patients were divided into
eight groups according to the new classi-
fication system. Different treatment strat-
egies were used for each group. Patient
numbers for each classification are listed
in Table 1. Strategies for condylar preser-
vation, the management of deformity/mal-
occlusion, and skeletal growth follow-up
for each classification are listed in Table 2.
Note, a bilateral TMJA patient is classified
as Cy if both sides have medially displaced
condyle heads preserved. Otherwise the
patient is classified as C; and treated
accordingly. Details of the different strat-
egies for each classification are described
below.

Fig. 1. The ‘C’ classification. (A) Cy: coronal section of a spiral CT showing bilateral lateral bony ankylosis with medially displaced condyle
heads preserved. (B) C;: coronal section of a spiral CT showing left ankylosis with bony fusion without a recognizable condyle and fossa.
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Fig. 2. The ‘D’ classification. (A) Dy: spiral CT showing no significant dentofacial deformity. (B) D;: spiral CT showing dentofacial deformities
that affect occlusion and the facial profile symmetry.

Table 1. Number of patients by CDA classi-
fication.

Classification Number of patients
C()D()AC 9

C 1 DoAC 2

C()D 1 Ac 11

C 1 D lAC 11

CoDoAa 9

C 1 D()Aa 8

CoD 1Aa 10

C 1 D 1 Aa 34

C()D()AC

The overall treatment goal for patients
classified as CyDyAc is to release the joint
ankylosis while preserving the structure
and function of the remaining condyle.
Specifically, for Cy, the lateral bony anky-
losis is released by condyle-preserving
arthroplasty®. This method maintains the
integrity and growth potential of the joint
and has been shown to have a positive
effect in promoting condylar function and
facial patterns’''. The residual condyle is
retained in both child and adult patients.
Our experience and data from the above
references indicate that there are several
advantages to leaving the residual con-
dyles instead of resecting them: (1) in
children, the growth site is preserved.
The developmental potential of the resid-
ual condyle often avoids or reduces the
occurrence of severe mandibular deformi-
ty during the patient’s growth. (2) The
residual disc on the surface of the condyle
helps to prevent recurrence of ankylosis.

(3) The existing ramus height can be
maintained. (4) Reconstruction of the joint
with autogenous or alloplastic material
can be avoided, which represents a finan-
cial benefit for the patient. In Dy, there are
no significant dentofacial deformities, but
the patient often has mild malocclusion.
Postoperative orthodontic treatment is
suggested to achieve a favourable occlu-
sion. Patients in the Ac group are in an
active dentofacial growth period. Thus
close follow-up is necessary in order to
monitor mandibular growth on the side
affected by TMJA. A representative case
for this group is shown in Fig. 3.

C[DoAC

The treatment plan for patients classified
as C;DoAc is to completely release the
ankylosis by excision of the ankylotic
block and to reconstruct the joint. For
C,, if the ankylosing mass is small enough
such that its resection will not affect the
ramus height, a gap arthroplasty can be
performed with or without interpositional
material®. However, in most cases, arthro-
plasty shortens the ramus and thus may
aggravate malocclusion in the patient. In
these cases, reconstruction of the joint is
appropriate. Several surgical approaches
for joint reconstruction have been de-
scribed previously®. Choices for recon-
struction of the condyle-ramus unit
include a costochondral bone graft'?, cor-
onoid process graft'*'*, residual ankylotic
mass autograft'’, distraction osteogenesis
(DO)'*7, and  total alloplastic

replacement'®2°. Each method has its

own features and benefits, and in many
cases there may be alternative reconstruc-
tion strategies suitable for an individual
patient. Patients in the Ac group are at the
stage of active dentofacial growth, so sur-
geons need to consider the growth poten-
tial of the graft. This is necessary to match
ongoing skull development with the
choice of condylar reconstructive method.
We recommend that total alloplastic re-
placement is not performed on patients in
this classification for that reason. For Dy,
treatment is the same as reported in section
‘CoDpAc’ above. For these Ac patients,
close follow-up is necessary after condyle
reconstruction in order to monitor the
reconstructed TMJ growth in relation to
ongoing skeletal development.

COD1AC

For patients classified as CyD;Ac, the
principle approach is to release the joint
ankylosis, to preserve the remaining con-
dyle, and to correct the dentofacial defor-
mities. Treatment of the Cy condyle is as
reported in section ‘CoDgAc’ above. For
Dy, DO is the preferred approach to cor-
rect the deformities, by elongating the
underdeveloped mandibular body and ra-
mus. Orthognathic surgery should not be
performed on young patients with unstable
occlusions. Second-stage orthognathic
surgery can be performed when the
dentofacial system is mature in order to
correct any residual and emerging defor-
mities. Again, for Ac patients, close
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Table 2. Treatment strategies for the different CDA classifications.

Classification Condyle Deformity and malocclusion Dentofacial skeletal growth
CoDoAc 1 Release ankylosis 1 Orthodontic treatment after releasing 1 Close follow-up when dentofacial sys-
2 Preserve residual condyle ankylosis tem is immature
2 Second-stage orthognathic surgeries 2 When dentofacial system is mature,
when dentofacial system is mature as correct emerging deformities with
appropriate . orthognathic surgery or DO
CDyAc 1 Release ankyloses 1 Orthodontic treatment after releasing 1 Close follow-up when dentofacial sys-
2 Reconstruct the condyle ankylosis tem is immature
2 Second-stage orthognathic surgeries 2 When dentofacial system is mature,
when dentofacial system is mature as correct emerging deformities with
. appropriate . orthognathic surgery or DO
CoD;Ac 1 Release ankylosis 1 Correct maxilla/mandible bone defor- 1 Close follow-up when dentofacial sys-
2 Preserve residual condyle mity by DO tem is immature
2 Orthodontic treatment after releasing 2 When dentofacial system is mature,
ankylosis correct emerging/remaining deformities
. . . with orthognathic surgery or DO
CD,Ac 1 Release ankylosis 1 Correct maxilla/mandible bone defor- 1 Close follow-up when déntofacial sys-
2 Reconstruct the condyle mity by DO tem is immature
2 Orthodontic treatment after releasing 2 When dentofacial system is mature,
ankylosis correct emerging/remaining deformities
with orthognathic surgery or DO
CoDoAa 1 Release ankylosis 1 Orthodontic treatment after releasing 1 Follow up %, 6, 12 months after surgery,
2 Preserve residual condyle ankylosis then regular follow-up annually
C,DoAa 1 Release ankylosis 1 Orthodontic treatment after releasing 1 Follow up 3, 6, 12 months after surgery,
2 Reconstruct the condyle ankylosis then regular follow-up annually
CoD;Aa 1 Release ankylosis 1 Correct maxilla/mandible bone defor- 1 Follow up 3, 6, 12 months after surgery,
2 Preserve residual condyle mity by orthognathic surgery or DO then regular follow-up annually
2 Orthodontic treatment after releasing
ankylosis
C,D,Aa Release ankylosis 1 Correct maxilla/mandible bone defor- 1 Follow up 3, 6, 12 months after surgery,

DO =

Reconstruct the condyle

mity by orthognathic surgery or DO
2 Orthodontic treatment after releasing
ankylosis

then regular follow up annually

DO, distraction osteogenesis.

follow-up is required (see section

‘CoDoAc’ above).

C[D]AC

The treatment strategies for patients clas-
sified as C;D;Ac include completely re-
leasing the ankylosis, reconstructing the
joint, correcting the dentofacial deformi-
ties, and close follow-up until the dento-
facial system matures. The treatment of C,
is as reported in section ‘C;DyAc’ above,
and the treatment of D, is as reported in
section ‘CoD;Ac’ above. DO is used to
both reconstruct the joint and to amelio-
rate the mandibular hypoplasia. Second-
stage orthognathic surgery may be per-
formed at skeletal maturity, depending
on the patient’s emerging orofacial defor-
mities. For Ac patients, close follow-up is
required (see section ‘C;DyAc’ above). A
representative case from this group is
shown in Fig. 4.

C()D()A a

When the patient is classified as CoDgAa,
the treatment goal is simply to correct the
joint ankylosis by condyle-preserving

arthroplasty. For the treatment of C,, see
section ‘CyDyAc’ above, and for D, see
section ‘CyDgAc’ above. Since dentofa-
cial skeletal growth of the Aa patient has
been completed, only regular follow-up is
suggested, in order to prevent re-ankylo-
sis.

C;DgAa

For patients classified as C;DpAa, the
treatment goal is to completely release
the ankylosis and surgically reconstruct
the joint. The treatment of C; is as
reported in section ‘C;DyAc’ above. A
patient in this group has completed man-
dible development, making total alloplas-
tic replacement an alternative for joint
reconstruction. This method should
achieve proper TMJ function and occlu-
sion. For Dy, see ‘CoDpAc’ above. Follow-
up of the Aa patient is as reported in
section ‘CyDpAa’ above.

C()D 1A a

The plan in the CyD;Aa patient is to
release the ankylosis, preserve the residual
condyle, and correct secondary dentofa-

cial deformities. The Cy condyle is treated
as in ‘CyDoAc’ above. With regard to the
D, deformity, the patients typically have
differing extents of malocclusion due to
the disruption of condylar growth and a
long-term limitation of mouth opening
ability. Therefore, a series of orthognathic
surgical approaches is necessary after
arthroplasty to ameliorate the secondary
deformity caused by TMJA: (1) aLe Fort I
osteotomy is required to bring the short-
ened hemimaxilla (in unilateral cases) or
the shortened posterior maxilla (in bilat-
eral cases) down. The resulting gap is
filled with a bone graft. (2) The mandibu-
lar deformities typically include dysplasia
of the mandible body and the ramus. A
sagittal split ramus osteotomy (SSRO) is
usually performed to advance the retruded
mandible body. An intraoral vertical ra-
mus osteotomy (IVRO) can restore the
ramus length and the condyle. Alternative-
ly, an inverted ‘L’ osteotomy of the ramus
with bone graft and DO can achieve both
of these treatment goals. The choice of
strategy is based on the severity of the
bone deficiency. (3) Finally, an advance-
ment or levelling genioplasty is performed
to correct the genial deformity. Follow-up
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Pre-surgery (9 years old)

Fig. 3. A representative case of CoDpAc. (A) A 9-year-old female patient presented with right TMJA and no jaw deformity. (B) The right lateral
bony ankylosis was released by condyle-preserving arthroplasty. (C) The 2-year follow-up observation showed no significant deformity,
indicating the capacity for the preserved right condyle to develop in concert with the left condyle.

of the Aa patient is as reported in section
‘CoDpAa’ above. A representative case
from this group is shown in Fig. 5.

C]D]A(l

For patients classified as C;D;Aa, the
treatment goal is to completely release
the ankylosis, to reconstruct the joint using
an autograft, DO, or total alloplastic re-

placement, and to ameliorate the second-
ary deformity resulting from TMJA using
orthognathic surgery approaches. For the
treatment of C;, see ‘C;DyAa’ above, and
for the treatment of D;, see ‘CyD;Aa’
above. DO can be used to both reconstruct
the joint and partially correct the mandib-
ular deformities. If DO is chosen, a sec-
ond-stage orthognathic surgery could be
performed later to remove the distractor.

Follow-up of the Aa patient is as reported
in section ‘CoDoAa’ above. A representa-
tive case from this group is shown in
Fig. 6.

Outcome evaluation

Beginning 1 week after arthroplasty sur-
gery, the patients were required to perform
mouth opening exercises over a period of
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Fig. 4. A representative case of C;D;Ac. (A) A 16-year-old female patient presented with left TMJA, combined with secondary mandibular
retrusion and mild maxillofacial asymmetry. A two-stage treatment protocol was used for this patient. (B) In the first stage, a right arthroplasty was
performed to release the ankylosis and a costochondral bone graft was used to reconstruct the resected condyle. (C) When the patient was 18 years
old, second-stage orthognathic surgeries were performed to correct the patient’s maxillofacial deformity. These included Le Fort I osteotomy,
bilateral mandibular sagittal split ramus osteotomy, and genioplasty. The internal fixed plates of the costochondral bone graft were removed and it
was found that the graft had resulted in a normal condyle head. The ankylosis and deformity were both well corrected using this two-stage
treatment approach.
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Fig. 5. Arepresentative case of CoDjAa. (A) A 25-year-old female patient exhibited bilateral TMJA with mandibular retrusion. (B) The treatment
strategy consisted of bilateral condyle-preserving arthroplasties to release the ankylosis and bilateral mandibular DO to extend the stunted ramus
and correct the mandibular retrusion. (C) The distractor was later removed and a genioplasty was performed to further improve the patient’s

profile.

3 months. Patient follow-up was con-
ducted for 6-14 months, depending on
the CDA classification, in order to review
changes in maximum inter-incisal opening
(MIO) and the mandibular length on the
ankylosed side. The release and recur-
rence of the ankylosis were identified by
spiral CT to determine whether there was
union between the condyle and the fossa
and by MIO changes. Amelioration of
dentofacial deformities was assessed by
cephalometric analyses using X-ray and

spiral CT in the short-term (6—14 months
after the final surgical treatment). Howev-
er, changes in the reconstructed condyle
and remodelling effects will need to be
evaluated later during long-term follow-

up.

Statistical analysis

All data were expressed as the
mean = standard deviation values. To de-
termine the statistical significance of lon-

gitudinal comparisons, the data were
analysed using paired #-tests. The indepen-
dent samples #-test was used for intergroup
comparisons of MIO. Differences were
considered statistically significant when
the P-value was less than 0.05.

Results

This study included 34 bilateral and 61
unilateral cases, for a total of 95 TMJA
patients. The age of the patients ranged
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A

Pre-surgery (23 years old)

C

Fig. 6. A representative case of C;D;Aa. (A) A 23-year-old male patient was diagnosed with right TMJA with mandibular retrusion and
asymmetry. (B) The first-stage treatment strategy included a right arthroplasty to release the ankylosis, right mandibular DO to reconstruct the
joint, and bilateral DO to correct the mandibular retrusion. (C) The second-stage treatment strategy included Le Fort I osteotomy to correct the
maxilla deviation and a genioplasty to improve the patient’s profile. Significant amelioration of the facial symmetry was achieved upon treatment.

from 6 to 67 years, with an average age of
25413 years. There were 50 male
patients and 45 female patients. The clas-
sification information is summarized in
Table 3. Of the total joints, 34.1% were
classified as C (Fig. 1A) and 65.9% as C,
(Fig. 1B) based on CT scans. With regard
to the D classification, 29.5% of patients

were classified as D, (Fig. 2A), while
70.5% of patients were classified as D,
(Fig. 2B). There were 34 Ac patients
(35.8%) and 61 Aa patients (64.2%).

In terms of the CDA classifications
(Table 1), 9.5% of patients were classified
as CoDpAc, 2.1% as C DyAc, 11.6% as
CoDjAc, 11% as C;D;Ac, 9.5% as

CoDoAa, 8.4% as C;DgAa, 10.5% as
CoDlAa, and 35.8% as ClDlAa.

Patients were assigned a CDA classifi-
cation, and the treatment approaches used
were as described above and summarized
in Table 2. All 129 instances of ankylosis
were completely released after surgery.
There was no recurrence of ankylosis in
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Number Dentofacial Number Skeletal Number
Condyle persistence (C) of joints deformity (D) of patients age (A) of patients
Co 44 Dy 28 Ac 34
C 85 D, 67 Aa 61
Total 129 Total 95 Total 95

any patient after 6—14 months of observa-
tion. At 6-14 months after surgery, the
average MIO of the patients increased
from 3.6+£32mm to 32.8+54mm
(P <0.001). Regarding the secondary
clinical outcomes, dentofacial deformities
in the 67 patients classified as D, were
significantly ameliorated, as assessed by
comparison of cephalometry data between
preoperative and postoperative X-ray and
spiral CT during the 6-14-month short-
term observation period.

Complications observed included crepi-
tus in the reconstructed joint area in 11 of
129 joints (8.5%), transient injury of the
temporal and zygomatic branches of the
facial nerve in five of 95 patients (5.3%),
and infection of the surgical area in two of
95 patients (2.1%).

Discussion

The treatment of TMJA is a great challenge
due to the complicated clinical manifesta-
tions in patients, including varying degrees
of joint destruction, distinct dentofacial de-
formities, and different periods of skeletal
development. Traditional classifications
have been simple and one-dimensional,
based on the location (intra- or extra-artic-
ular), type of tissue involved (fibrous, fibro-
osseous, or osseous), or extent of the fusion
(complete or incomplete)’ "', In our ex-
perience of clinical TMJA management,
these have not been sufficient. How should
the ankylosed bone be removed for both
early mobilization of the joint and preserv-
ing TMJ growth potential? Which approach
is optimal for reconstructing the TMJ in
different patients? When should orthog-
nathic surgery be used to correct secondary
dentofacial deformities? A comprehensive
approach that answers these clinical ques-
tions has not been provided by the previous
TMIJA classifications. For better guidance
on TMJA management, we developed this
new CDA classification, which describes
TMIJA utilizing multiple factors.

The condylar head fibrocartilage is con-
sidered to be the primary mandibular
growth site’”. In TMJA patients, cartilage
on the TMJ surface is severely damaged,
thus mandibular developmental disorders
and secondary dentofacial deformities
may occur during their growth period.

TMIJA is a dynamic process and involves
a series of compensational and pathologi-
cal changes. Thus, single-factor classifica-
tion (e.g. complete or incomplete fusion of
the joint) is unable to comprehensively
account for all disease features. Therefore,
all three factors, ‘C’, ‘D’, and ‘A’, must be
considered together during treatment strat-
egy planning. Using the CDA classifica-
tion, the 95 patients were divided into
eight groups. Each group was described
using all three factors. Customized treat-
ment plans including surgical interven-
tions and close follow-up were then
devised for each particular TMJA patient
according to the CDA classification.

It was observed that over one-third of
the patients (35.8%) were classified as
C,D;Aa. This group had the largest num-
ber of patients, and this classification sig-
nifies that TMJA has already developed to
the most serious level and the latest stage.
Meanwhile, the number of Aa patients was
nearly two-fold the number of Ac patients
(n=61, 64.2% vs. n=34, 35.8%). This
could be due to delayed treatment inter-
ventions during the growth period in some
Aa patients. These findings are consistent
with the fact that the onset of most TMJA
cases occurs in underdeveloped regions
that lack early management of condylar
fractures and where there is limited use of
antibiotics®>**. Coincidently, 67 out of 95
patients (70.5%) were classified as Dj.
Unlike D, patients, these patients need
surgery not only to release the ankylosis
but also to correct dentomaxillofacial de-
formities arising from ankylosis.

There is also an important non-medical
factor to take into consideration when
planning treatment — the financial cost
to the patient. We have often encountered
patients who face a large financial prob-
lem because of their poor financial status
and the relatively high cost of multiple
surgeries. This has inspired us to continue
promoting medical health missionary
efforts. We also emphasize that the early
management of TMJA in underdeveloped
countries may reduce treatment costs in
addition to effectively decreasing the in-
cidence of TMJA in these areas.

In conclusion, the CDA classification
presented here is more comprehensive
than traditional, single-factor classifica-

tions for guiding management strategies
for TMJA. Treatment plans specific for
patients in the different CDA classifica-
tions could help target interventions in
each TMJA patient to achieve optimal
treatment outcomes.
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